Abstract
Introduction
Balloon sinus dilation (BSD) is becoming a widely accepted alternative to traditional functional endoscopic sinus surgery (FESS), which involves resection of bone and mucosa of paranasal sinuses. Topical intranasal decongestants such as oxymetazoline, phenylephrine, or dilute epinephrine are administered for optimal visualization when performing BSD. Once prophylactic decongestion is administered, instead of resecting tissue to gain entry to the sinus cavity as in traditional FESS, a straight or angled catheter is advanced through the sinus ostium. A flexible guidewire is passed through the catheter and into the sinus cavity. Proper wire placement is confirmed either by fluoroscopy or transillumination.
After sinus entry is ensured, the balloon is passed into the sinus cavity and inflated to a pressure of 8 to 12 cm H 2 O, or a final diameter of 4 to 7 mm, for a few seconds and then quickly deflated. BSD will collapse and fracture several of the thin-walled air cells composed of bone, respiratory mucosa, and obstructing scar tissue. Dilation can potentially provide permanent increased patency of a previously restricted path from sinus to ostium.
As use of BSD has increased, more studies have reported its feasibility and safety. 1, 2 Studies also have supported BSD for chronic frontal sinusitis and for sinusitis in critically ill or immunocompromised patients. 3, 4 BSD is a unique technique designed to minimize complications associated with traditional FESS. 5 Specifically, when approaching a frontal BSD versus a traditional resection, trauma to adjacent anatomy is less direct. Unlike BSD, traditional FESS involves ethmoidectomy and frontal recess dissection. Less direct trauma can enable a more minimally invasive technique to potentially lower the complication rates of FESS. 6 Although BSD decreases the amount of trauma to adjacent anatomy, risks of complications remain. A common complication of BSD and traditional FESS is bleeding. 1, 7 A rare complication of BSD is a cerebrospinal fluid (CSF) leak. Previous case reports of CSF leak from BSD have provided insight into postsurgical presentation and management in the outpatient office. 8 Data are scarce, however, on intraoperative BSD CSF leak presentation and repair. Here, we describe an intraoperative triple revision frontal sinuplasty CSF leak and its subsequent acute management.
Case report
A 65-year-old man presented to the otolaryngology clinic with a history of chronic sinusitis. The patient previously had undergone sinus surgery, but symp- toms had persisted despite medical therapy. Symptoms included severe sinus pressure and rhinorrhea. Physical examination showed pale, edematous, and crusted nasal mucosa; septal deviation to the right; and inferior turbinate hypertrophy.
The patient agreed to nasal septal reconstruction and FESS with balloon sinuplasty. A preoperative computed tomography (CT) scan showed an intact cribriform plate and anterior ethmoid air cells ( figure 1) .
The sinus surgery was performed with CT image-guided navigation (Fusion ENT image-guided surgical system; Medtronic Navigation; Louisville, Colo.). The nasal septum was injected with 10 cm 3 of 1% lidocaine-epinephrine solution, with the left side addressed first. The left middle turbinate was injected with 1% lidocaine-epinephrine solution, and a Freer elevator was used to medialize the left middle turbinate after injection.
An uncomplicated maxillary antrostomy and ethmoidectomy procedure was performed with a powered microdebrider (XPS Straightshot Microdebrider with 4.0-mm Tricut blade; Medtronic Xomed; Jacksonville, Fla.). Care was taken to remove frontoethmoidal air cells with upbiting forceps rather than with powered instrumentation.
Next, a frontal sinus balloon (Acclarent, Inc.; Menlo Park, Calif.) was introduced into the frontoethmoidal recess on the left side. Placement was confirmed through transillumination of the sinus on the forehead. The sinuplasty balloon was then advanced along the guidewire and inflated to 12 cm H 2 O. There was little resistance with the threading of the wire at first inflation.
The balloon was then deflated, and then reinflated to 12 cm H 2 O. After the balloon was deflated and withdrawn, clear fluid was immediately visualized from the site. The clear fluid emanated from a 2-to 4-mm site at the anterior ethmoid skull base just posterior to the frontoethmoidal recess, indicating a CSF leak.
Endoscopic repair was initiated with a cotton pledget soaked in adrenaline used to induce vasoconstriction. The dehiscence site was approximately 4 mm circumferentially. A duckbill elevator was used to strip mucosa approximately 5 mm surrounding the defect.
The intact dura was separated from the edge of the skull base defect to allow for an adequate bed for the stabilization of the graft. We opted to use a collagen matrix for this defect. The defect was templated onto a DuraGen XS dural regeneration matrix graft (Integra LifeSciences; Plainsboro, N.J.). The graft was then placed between the dura and the bony cranial cavity so that it covered the defect and a few millimeters on all sides (figure 2).
A Duraseal sealant system (Confluent Surgical, Inc.; Waltham, Mass.) injected over the site sealed the graft in place. No further CSF drainage was visualized. A SurgiMend collagen matrix (Integra LifeSciences) was draped over the DuraGen matrix, and gelfoam was packed over the top to help separate this from the nasal packing that was additionally placed to keep the graft in place. Perioperative and postoperative antibiotics were provided.
The patient was admitted and placed on bed rest for 3 to 5 days with head elevation. He was asked to avoid nose blowing, sneezing, and straining, and stool softeners were prescribed. A dehiscence of the left cribriform plate measuring 0.2 cm with associated left pneumocephalus was demonstrated on CT scan the next day (figure 3). The patient exhibited postsurgical signs and symptoms without suspicious headaches, rhinorrhea, vision changes, or frontal sinus pain, and was discharged.
The patient's postoperative course was excellent. He was symptom-free, both of his previous sinus pressure complaint and CSF leak. CT imaging 6 weeks later still showed the 2-mm defect in the cribriform plate, although adequate soft tissue covered it (figure 4). In-office sinus endoscopy demonstrated the dehiscent site to be healed without evidence of CSF leak.
Discussion
Major adverse effects of traditional FESS include bleeding, infection and, more rarely, CSF leak. 9 With newer sinuplasty techniques such as BSD, safety must not be compromised. In their study using deceased models, Bolger and Vaughan reported no significant adverse outcomes with BSD. 10 Results of BSD safety and efficacy in human models with chronic sinusitis of frontal, maxillary, sphenoid, 1 Of the 107 patients and 347 sinuses cannulated, no serious adverse events such as CSF leak, orbital injury, or nasal bleeding occurred that required packing. However, there were 9 cases of postdilatational bacterial sinusitis, which resolved with oral antibiotics and without other sequelae. Complication rates remained low, although previous sinus surgery was an exclusion criterion.
Our patient had a history of sinus surgery, which is a risk factor for increased complication rates of sinus surgery.
With the use of BSD for the treatment of chronic rhinosinusitis becoming more clearly identified, its efficacy and safety have been compared to those of traditional FESS. There are potential advantages to BSD versus FESS. The nature of traditional FESS requires tissue destruction and removal, whereas BSD causes only potentially permanent tissue displacement.
In an early study of BSD, Melroy reported 1 patient with CSF leak and 2 patients having pain and ecchymosis due to lamina papyracea and intraorbital penetration, which resolved within 48 hours. 11 The overall complication rate was 0.0035% per sinus versus an overall complication rate of 0.5% and overall rate of CSF leakage of 0.09% with traditional FESS.
In a comparison study of FESS versus BSD in patients with chronic rhinosinusitis, Achar et al found a statistically significant difference in the Sino-Nasal Outcome Test 20 (SNOT-20) scores and saccharide clearance time in favor of BSD, although the study was a noninferiority trial. 12 They reported no significant complications in the two treatment groups; however, patients with sinonasal polyposis or tumors, previous sinus surgery or trauma, Samter triad, obstructive lesions, or known ciliary dysfunction were excluded from the trial.
Additionally, Koskinen et al reported no differences in operative time or complication rates between BSD and FESS in a retrospective study; although recovery times were shorter with BSD versus FESS (4 vs. 14 days). 13 In another study, Koskinen et al evaluated long-term follow-up (>6 years) and found similar improvements in overall symptoms, although more patients treated with BSD reported acute exacerbations and thick nasal discharge, and 4 patients in the BSD group had revision surgery compared with none in the FESS group. 14 In a meta-analysis and systematic review from Levy et al, a greater decrease in the SNOT-20 score was observed with BSD compared with FESS. 15 Additionally, the number of days to recovery was found to be shorter with BSD versus FESS (mean: 1.72 vs. 4.84 days). Comparisons between postoperative outcomes, debridement, and revision surgery, however, lacked consistency and/ or power for statistical validity.
A single case study of CSF leak from Melroy involved predilation use of a microdebrider in the area of dilation, which may be associated with postdilation CSF leak. 11 To our knowledge, an ethmoid CSF leak due to frontal BSD has been reported in only one other case study. 8 However, traditional FESS equipment was not used around the CSF leak, and no revision surgery was done. Additionally, the CSF leak was not visualized intraoperatively.
In our patient, powered instruments such as a microdebrider preceded the CSF leak, as well. Whether the predilation use of powered instrumentation increases the risk of CSF leak with BSD is unclear. Because our patient was undergoing a triple revision sinus surgery, increased complications from changing anatomy and increased scarring were possibilities. 16, 17 Data suggest increased rates of CSF leak with revision. 18 According to King et al, however, the overall rate of major complications including CSF leak was similar between primary and revision surgery. 19 Larger reviews of revision FESS procedures are needed to determine whether the complication rate is increased with revision. Complication risks of revision BSD alone also need to be assessed.
CSF leak during sinus surgery is thought to be due to an insult to the anterior skull base resulting in irregular connection of the subarachnoid space to the extracranial space. Approaches to CSF leak repairs include intracranial and extracranial/nasal techniques; however, nasal endoscopic repairs result in higher success rates and decreased morbidity. 20 The most important factors during CSF leak repair are defect size, site, and cause. 21 Bone, cartilage, artificial tissue, and/or other tissues can be used as grafts to repair the defect. Generally, the three graft methods are underlay, overlay, and mixed.
Underlay grafts are most commonly used for larger defects (>3 mm). After the anterior of the dura is separated from the posterior of the anterior skull base, the underlay graft is secured between the intact dura and skull base. Overlay grafts are typically reserved for smaller defects. First, mucosa is circumferentially stripped from adjacent skull base. Then the graft is placed directly onto the dura and anterior skull base. Mixed grafts use both overlay and underlay, commonly for large defects to better seal the leak. After the graft is placed, various sealants or glues can be used for stabilization.
Because of the size, location of defect, and available grafts, a DuraGen XS dural regeneration matrix graft was used for our patient. Duraseal was injected into the underlaying graft with SurgiMend collagen matrix overlying the Duraseal. 20, 21 DuraGen XS collagen matrix with a DuraSeal sealant system is derived from nonautologous bovine Achilles tendon. It is described to be a safe alternative compared with other types of grafts for dural repair. 22 SurgiMend collagen matrix is a fetal or neonatal bovine dermis collagen fiber matrix that can be used to further support the repair.
In our patient, the cribriform plate was possibly fragile as this was the patient's third sinus surgery. Although powered instrumentation was used before the balloon dilation, clear CSF was unquestionably seen after the balloon dilation. Therefore, we believe that the balloon catheter created a false passage intracranially by penetrating the thin lateral lamella of the cribriform plate in an attempt to cannulate the frontal sinus. The resultant false passage was then widened with the guidewire and balloon.
The illumination we visualized intraoperatively was intracranial rather than in the frontal sinus. The patient did not have symptoms (i.e., headache, persistent rhinorrhea, or excessive bleeding) other than those shown in routine postoperative sinus patients. This was an interesting case because although a hybrid procedure was used, the CSF leak was clearly visualized after the balloon dilation. This procedure has been advertised as safe and effective because the catheter tip is promoted to be blunt and noninvasive. To our knowledge, this case report is unique as it illustrates CSF leak from a frontal balloon sinuplasty device and gives a detailed description of its intraoperative repair.
Conclusion
BSD can be used alone or in conjunction with FESS in chronic rhinosinusitis. The minimal amount of mucosal destruction with BSD compared with FESS can potentially lead to fewer complications such as ostia stenosis or CSF leak. Because of its less destructive nature, BSD is thought to be a more benign surgery.
CSF leak is a rare but major complication during both FESS and BSD, and it is typically repaired surgically. Most often, CSF leaks present postoperatively; however, the CSF leak in our patient was viewed intraoperatively after BSD. It was immediately repaired surgically with success after primary repair. 
